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1
INSPECTION SMOKE MACHINE

This application 1s a continuation of PCT application
PCT/CA2016/051074 filed Sep. 12, 2016, which claims the
benefit of priority of U.S. provisional patent applications
62/217,900 filed Sep. 13, 2015 and 62/350,464 filed Jun. 13,
2016.

TECHNICAL FIELD

The present invention relates generally to the field of
vapor generating devices used to test the mtegrity of a fluid
system, and, more specifically, to a vapor generating device
characterized by multiple different pressure operating
modes, such that 1t can easily be used to test various fluid
systems having different inspection pressure requirements.
The present invention also relates to a vapor generating
device using heating elements to create vapor from a liquid.

BACKGROUND

Many useful systems contain and/or operate using a fluid
(gas, liquid or combination of both). For example, automo-
biles have several systems which contain and utilize a tluid
in their operation, including the fuel system, the exhaust
system, the heating, cooling and ventilation (HVAC) system,
and the hydraulic power steering and brake systems, to name
but a few. There are also many 1ndustrial machines, house-
hold HVAC systems and other devices that utilize a fluid to
operate, which fluid may be for example a gas such as air or
evaporated system liquid, fuel, hydraulic fluids, manufac-
tured gases and liquids, etc. In all of these systems and
circumstances, the tfluid system must be properly sealed to
prevent leakage of the system fluid; however, leaks 1n such
fluid systems can be very diflicult to detect and/or locate,
either because the leak 1s small or 1n a location that i1s not
casily accessible.

Vapor generating apparatuses or devices are known for
generating a visible gas or vapor that 1s mixed with air
supplied thereto under pressure so that the mixture can be
delivered to a fluid system undergoing testing for leaks.
Although these apparatuses are commonly described as
smoke machines, the “smoke™ 1s typically a non-toxic aero-
sol mist produced by evaporation and condensation at con-
trolled temperatures rather than actual smoke. In the context
of the following description, “smoke” refers to either a
solution (e.g., petroleum-based) that 1s heated and vaporized
or to a visible aerosol mist, spray, gas, vapor or combination
thereol. By observing any visible “smoke” which exits a
small and often visually imperceptible hole 1n the system
under test, an 1ndication 1s provided to the observer of the
presence and location of the leak so that a repair might be
made.

The use of smoke machines to detect leaks 1n internal
combustion engine systems are well known 1n the art. More
specifically, such leak detection systems are extensively
used 1n engine diagnostic and maintenance procedures, and
in particular can be used to find leaks 1n EVAP systems,
valves, gaskets, hoses, vacuum lines and reservoirs, throttle
bodies, EGR valves, air intake ducting, intake manifolds,
and exhaust systems among others.

Historically, smoke machines have been designed to
deliver vapor mto the automobile system under test at the
standard EVAP test pressure of 12-14 inches of water
column pressure (0.47 psi1). Leak testing of the different
automobile systems of naturally aspirated internal combus-

tion engines at this low pressure has been quite effective and
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useful. Since the maximum load on the air intake system of
a naturally aspirated internal combustion engine 1s approxi-
mately 1 ps1 of vacuum at idle, a test pressure (0.47 psi1) at
approximately half of maximum load (1 psi1) 1s adequate to
find leaks.

However, 1in an eflort to gain more power using less fuel,
automobile manufacturers are increasingly turning to a gas
compressor used for forced induction or boosting the air
induction system of mternal combustion engines by utilizing
mechanical superchargers, exhaust gas turbines, turbo char-
gers and multiple turbo chargers among others. The amount
of boost or increased intake pressure in these boosted
engines can be 6-9 ps1 on the low end of smaller engines, up
to and exceeding 36-40 psi under full load for larger engines.
Consequently, the standard EVAP test pressure of 0.471 psi
1s 1nsuflicient to detect and locate leaks when the system
under test 1s under 12 to 80 times more pressure under full
load.

Vapor generating devices specifically designed or adapted
to detect leaks 1n such high pressure forced induction
systems are also known 1n the art. In the example of U.S. Pat.
No. 8,737,826 entitled HIGH PRESSURE SMOKE
MACHINE and dated May 27, 2014, there 1s described a
smoke machine that can produce a controlled vapor at a test
pressure ol up to and exceeding 30 ps1, for safe usage for
leak determination and location in 1internal combustion
engines with forced induction systems.

Different types of fluid systems clearly have different
inspection pressure requirements. As such, a vapor gener-
ating device designed to operate at a specific test pressure 1s
only useful for leak detection and location 1n those fluid
systems for which the respective inspection pressure
requirement matches or 1s within a tolerance of the specific
test pressure. For example, a smoke machine designed to
produce vapor at the standard test pressure of 0.471 ps1 can
be used for leak detection and location i1n a naturally
aspirated internal combustion engine, but likely would not
be etlicient 1n a boosted, forced induction engine. Similarly,
a smoke machine designed to produce vapor at a test
pressure of 30 psi can be used for leak detection and location
in a forced induction engine, but not 1n a naturally aspirated
internal combustion engine, since the excessive test pressure
would damage the engine systems that are designed to
contain a much lower pressure (e.g. 1 psi1).

In the auto mechanic industry, or other such similar
industrial/commercial vehicle service industry, it becomes
expensive to stock multiple diflerent smoke machines 1n
order to be able to perform leak detection and location on
different fluid systems having different inspection (test)
pressure requirements. Even 11 a smoke machine could be
adapted (e.g. by changing a heating surface area) to produce
vapor at different test pressures, 1t would be ineflicient and
time consuming to have to perform such adaptation each
time a fluid system to be verified requires a different
inspection pressure.

Furthermore, equipment having replaceable parts require
maintenance to replace such parts. It 1s desirable to make the
replacement of such part as easy and rapid as possible and
to require as little expertise as possible so as to make
replacing parts cheap and to make the equipment serviceable
by non-professionals.

Moreover, 1n smoke machines, the eflicient generation of
smoke from fuels for such smoke, by wasting as little energy
as possible, e.g. on heat that 1s not put to use towards the
creation of smoke, 1s essential.

Consequently, there exists a need in the industry for an
improved vapor generating device that can be easily ser-
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viced while efliciently utilising fuel and energy towards
smoke creation and that can be easily manipulated to test
different tluid systems having diflerent mspection pressure
requirements.

SUMMARY

In a broad aspect, the present invention provides a smoke
generating device for connection to a source of pressurized
gas. The device includes a housing defining a chamber, and
a heating element disposed within the chamber. The cham-
ber includes a liguid reservoir for holding a supply of liquad.
The device also includes a gas inlet for connection to the
source of pressurized gas; a gas supply fluid path extending
from the source of pressurized gas to the gas inlet, through
the housing and into the chamber; a liqud transfer device
configured to convey a liquid from the liquid reservoir to the
heating element; as well as an outlet conduit 1n fluid com-
munication with the chamber and configured to convey
vapor from the chamber. The device further includes a
pressure controller responsive to activation of an operating,
mode selector control to switch the smoke machine between
at least first and second pressure operating modes, 1n the first
pressure operating mode the smoke machine being capable
to output pressurized vapor at a first test pressure and in the
second pressure operating mode the smoke machine being
capable to output pressurized vapor at a second test pressure.

In another broad aspect, the present invention provides a
smoke machine for connection to a source of pressurized gas
and operative to generate smoke at a test pressure for output
to a closed fluid system to be tested for leaks, the smoke
machine capable to automatically switch between first and
second pressure operating modes 1n response to activation of
an operating mode selector control, wheremn in the first
pressure operating mode the smoke machine outputs smoke
at a first test pressure and in the second pressure operating
mode the smoke machine outputs smoke at a second test
pressure.

In another broad aspect, the present invention provides a
smoke generating device for connection to a source of
pressurized gas. The device comprises a housing defining a
chamber, the chamber including a liqguid reservoir for hold-
ing a supply of liquid. The device also comprises a gas inlet
for connection to the source of pressurized gas. The device
also comprises a gas supply fluid path extending from said
gas 1nlet, through said housing and into said chamber. The
device also comprises a smoke outlet for outputting smoke.
The device also comprises a smoke liquid path extending
from said chamber through said housing to outside of said
housing to convey smoke from said chamber to outside of
said housing. The device also comprises a heating element
having a pair of electrical terminals for receiving electrical
power and a heating body powered by the electrical power
disposed within said chamber. The device also comprises a
wicking liquid transier device configured to convey a liquid
from said liquid reservoir to said heating element by capil-
lary action. The wicking liquid transfer device comprises a
first portion substantially surrounding and applied to the
heating body 1n a friction {it providing a pressure by the
wicking liquid transier device holding the first portion in
substantial complete coverage of the heating body. The
wicking liquid transfer device also comprises a second
portion projecting from the first portion into the liquid
reservoir for absorbing the liquid and by capillary action
transferring liquud from the liquid reservoir to the first
portion.
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In some embodiments, the heating body 1s a ceramic
heater. A ceramic heater can comprise a ceramic material
having a conductive filler to provide requisite conductivity
for operating as a resistive heating element. A ceramic heater
has no exposed metal heating element that can corrode and
fail, and so 1s more durable. The wicking liqud transfer
device can also be easily separated from the heating body to
allow for replacement, 1 required, of either the wicking
liquad transter device or the heating body.

The smoke generating device described herein can find
application in combustion engine systems as well as refrig-
eration systems, gas stoves or any other device that has tluid
conduits whose 1ntegrity needs inspection.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be better understood by way of the
following detailed description of embodiments of the inven-
tion with reference to the appended drawings, in which:

FIG. 1A 1s a schematic view of an exemplary variable
pressure smoke machine with a liquid transter device sur-
rounding a heating element in accordance with the teachings
of the present invention.

FIG. 1B 1s a schematic view of an exemplary variable
pressure smoke machine with a liquid transfer device sur-
rounding a heating element connected to two air pressure
sources 1n accordance with the teachings of the present
invention.

FIG. 2 1s a schematic view of an exemplary variable
pressure smoke machine, 1n accordance with the teachings
of the present invention.

FIG. 3 1s a schematic view of an exemplary smoke
machine with a liquid transfer device surrounding a heating
clement 1n accordance with the teachings of the present
invention.

FIG. 4 1s a schematic view of another exemplary smoke
machine with a liquid transier device surrounding a heating
clement 1n accordance with the teachings of the present
invention.

DETAILED DESCRIPTION

The present invention relates to a variable pressure smoke
machine characterized by different pressure operating
modes. In a first pressure operating mode, the smoke
machine 1s operative to generate vapor at a first predefined
test pressure, while 1n the second pressure operating mode,
the smoke machine 1s operative to generate vapor at a second
predefined test pressure. The variable pressure smoke
machine has a pressure controller responsive to activation of
an operating mode selector control to cause the smoke
machine to switch between the first and second pressure
operating modes.

The present invention also relates to an improved smoke
machine characterized by a novel wick and heater arrange-
ment. The heater can be a ceramic heater that has improved
durability. The wick can be easily wrapped around the
heater, and easily removed for replacement of either the
wick or the heater 11 required.

Note that, while the term “smoke” generally refers to the
vapor and particulate that 1s a by-product of mcomplete
combustion, for the purposes of the present description the
term “smoke” includes any visible gas, vapor and/or aerosol
(particulate suspended 1n a gas) or any combination thereof.

Also note that, for the purposes of the present description,
the term “vaporize” means to transform a liquid into smoke,
while the term “primarily capillary action” (or other similar




US 10,393,612 B2

S

term) means that the liquid 1s conveyed by this type of force
more than any other force (such as pumping, or pressure
differentials caused by suction), but does not exclude that
some force may be applied to the liquid by modes other than
capillary action.

With reference to FIG. 1A, a smoke machine 10 according
to an embodiment of the present invention comprises a
housing 12 having a top cover 14 and a main body 16, which
provide a smoke generating chamber 20. The top cover or lid
14 can be removable for maintenance or for filling the
reservoir (a separate 1ill hole and cap can be provided for
filling 11 desired). A hook (not shown) may be attached to the
top cover 14 of the housing 12 for hanging the smoke
machine 10 i a convenient location when the smoke
machine 10 1s being used to test the integrity of a fluid
system, for example under the hood of an automobile.

In the present example, the top cover 14 1s removably
secured to the main body 16, for example using mechanical
fasteners (e.g. screws and mating through-holes, clips, mat-
ing threaded portions, etc.). A seal or gasket may be used to
seal the interface between the top cover 14 and the main
body 16.

Optionally, a pressure gauge (not shown) may be attached
to erther the top cover 14 or the main body 16, for measuring,
and displaying the pressure in the chamber 20.

Note that the top cover 14 and main body 16 may be made
of aluminum or of any other suitable material, such as
stainless steel or plastic.

The main body 16 1s preferably a machined aluminum
component, but may be manufactured by any other suitable
process. The main body 16 defines a liquid reservoir 36
within the chamber 20 for holding smoke producing liquid.
In order to fill the liquid reservoir 36 with smoke producing
liquad, a liquad fill port 38 1s optionally provided in the top
cover 14, via which port 38 liquid may be poured into the
liquid reservoir 36 of the chamber 20. In this example, the
liquad fill port 1s provided on a tubular extension of the top
cover 14 and can be sealed shut using a screw-on cap (not
shown). Alternatively, 1n the absence of a liquid fill port 38,
the top cover 14 of the housing 12 may simply be removed
to allow liqud to be poured into the liquid reservoir 36.

Note that the matenial of the liquid reservoir 36 1s that of

the housing 12, e.g. aluminium. However, in a vanant
embodiment, a liner or msert of any other suitable material
which 1s compatible with the particular smoke producing
liquid(s) being used may be provided within the liquid
reservoir 36 to contain the liquid.

The machine 10 also optionally includes a liquid level
indicator 40 allowing the observation of a level of liquid 1n

the housing 12. As shown in FIGS. 1 to 4, a specific,
non-limiting example of this liquid level indicator 40 15 a
conduit, such as a tube of transparent plastic material,
provided external to the housing 12 and extending between
the liquid fill port 38 and a port 39 provided 1n or near the
bottom surface of the housing 12, the port 39 feeding
directly into the liquid reservoir 36. In this example, the
level of the liquid that can be seen in the tube 1s indicative
of the level of liquid within the reservoir 36. Alternatively,
the liquid level indicator 40 may be a dipstick, where the
shaft of the dipstick would extend from the top cover 14 via
the liquud fill port 38, down through the chamber 20 and 1nto
the liquid reservoir 36. As a further alternative a clear
window may be provided as a liquid level indicator 1n the
main body 16 to allow visual observation of the liquid
within. In such a case, the clear window 1s preferably made
ol heat and pressure resistant material and securely sealed to
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the rest of the main body 16. As yet a further alternative, a
level sensor could be provided in the chamber 20. In the case
of an electronic level sensor, a low liquid level signal can be
connected 1nto the controller to shut down the power supply
47 when the liquid level 1s too low for operation.

The smoke producing liquid 1s a liqmd which, when
heated to a certain temperature, will produce a non-toxic
smoke. Suitable liquids include non-toxic petroleum based
oils, such as mineral o1l (baby o1l) for example.

In a specific, non-limiting example of implementation, a
liquid transier device 44 extends from within the chamber
20 down 1nto the liqud reservoir 36. The bottom end of the
liquid transfer device 44 preferably extends almost to the
bottom of the liquid reservoir 36. The liquid transfer device
44 uses primarily capillary action to convey smoke produc-
ing liquid from the liquid reservoir 36 up to the vicinity of
a heating element 46. In this example, the second portion
may extend towards the bottom of the liquid reservoir 36
nearly reaching to the bottom. As 1s well known 1n the art,
capillary action refers to the motive force on a lquid
produced by the surface tension between the liquid and a
surface, 1 this case the smoke producing liquid and the
material of the liquid transier device 44.

In order to prevent the generation of unwanted combus-
tion smoke and the premature wearing of the liquid transter
device 44, the liquid transfer device 44 of this example
comprises material that 1s able to withstand very high
temperatures while also producing enough capillary action
to convey the hiquid from the hiquid reservoir 36 to the
heating element 46. In a specific, non-limiting example of
implementation, the liquid transier device 44 1s a “loose”
bundle of fibreglass fibers that are not braided, twisted or
woven. The fibers are collected and arranged sufliciently
close to each other to wick the smoke generating liquid up
from the reservoir and onto the heater. This requires suili-
cient proximity for capillary action to take place, without
such tightness that capillary action is prevented. The ability
to wick also depend on the properties of the smoke gener-
ating liquid, and in the case of baby oil, loose fibreglass
fibers are drawn 1nto one another by the surface tension of
the liquid and wicking works well. Fiberglass 1s an example
of a material that resists the temperature of the heater
(around 300 degrees Celsius) well. Alternatively, a woven
wick, twisted or braided cord made of suitable wicking
fibers can be used as long as temperature resistance and
wicking ability are present. The wick or wicking fibers can
convey an adequate amount of liquid by capillary action to
the heating element to produce an ample amount of smoke.

Advantageously, rather than using a filament heating
clement that 1s wrapped around the liquid transter device, 1n
the illustrated example, the liquid transfer device 44 itself
surrounds the heating element 46 or part thereotf. This makes
installing, and replacing the liqumd transfer device 44 a
simple task and also allows the liquid transfer device 44 to
potentially contact the entire heating surface of the heating
clement 46.

In the example of FIG. 1A, the liquid transter device 44
comprises a wicking bundle of fiberglass fibers that 1is
wrapped around the heating body 102 to substantially sur-
round 1t, viz. to surround it about at least a portion of its
length. The wicking bundle can alternatively comprise a
variety of synthetic or natural fibers and can be braided cord,
twisted cord, a woven fabric or of any suitable bundling of
the fibers that can provide wicking. In this case, the wicking
bundle 1s wrapped around the heating body 102 from the
bottom of the heating body up to the top and therefore
essentially completely covers the surface area of the heating
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body 102 save perhaps for a few millimeters at the top and
minor portions that may be visible between wraps. Despite
such 1mperfections 1 the wrapping, the liquid transfer
device 44 1s said to completely cover the surface of the
heating body 102 since 1t does not leave a signmificant portion
of the heating body uncovered.

In order to hold the first portion 104 of the liquid transier
device 44, that 1s the wicking fiber bundle, in place, the
wicking fiber bundle 1s wrapped around the heating body
102. Provided that the presence of the liquid does not
interfere with heating element 46 operation, the wicking
fiber bundle may be also wrapped around other portions of
the heating element 46.

The wicking fiber bundle 1s tightly wrapped around the
heating body and held in place by a suitable mechanism. As
shown 1n FIG. 1A, the wicking fiber bundle 1s tied into place
using the fiber bundle itself at the bottom and at the top of
the ceramic heater. Different techniques may be used to wrap
and tie off the wicking fiber bundle. In order to maintain the
wicking fiber bundle in place and prevent 1t from unravelling
from the end opposite the tie off, that end may be passed
underneath the coil to hold 1t in place. In one example, the
wicking fiber bundle may be run vertically along the heating,
body 102, folded down, and then coiled over itself around
the heating body towards the bottom where it may be tied
with the free-hanging portion. In another example, the
wicking fiber bundle may be wrapped a {irst time (or several
times) around the bottom of the heating body 102, passed
underneath the coils and continue to be coiled up to the top
where 1t can be tied to 1tself. The wicking fiber bundle can
also be tied ofl against other elements of the smoke machine
100, such as the conduits 68 and/or 90.

When coiling the wicking fiber bundle, a certain tension
1s applied to create a pressure against said heating body 102.
In general, pressure 1s imparted by the liquid transter device
44 onto the heating body 102, the liqud transfer device
being compressed against the heating body 102. The pres-
sure creates Iriction between the liquid transfer device 44
and the heating element 46, particularly here the heating
body 102, that holds the liquid transfer device 1n place and
keeps 1t 1n contact with the heating body 102.

In the illustrated example, 1t 1s the first portion 104 of the
liquad transtier element 44 that 1s 1n contact with the heating
body 102. Now when generating pressure upon the heating
body, 1t 1s preferable that the pressure provided fully presses
the first portion 104 against the heating body 102, however
if too much pressure 1s applied to a wicking device, this may
compress the capillary passages to the point of inhibiting or
completely preventing wicking. Indeed wicking devices rely
on the presence of small passages, typically spaces between
fibers to wick liquids. If the device 1s too compressed, for
example 1f the wicking fiber bundle of the example of FIG.
1A 1s wound too tightly, the inter-fiber spaces may be
reduced to the point of no longer wicking properly or at all.
Therefore, the pressure applied 1s selected to be between a
mimmum pressure to press the first portion 104 against the
heating body 102 (preferably firmly so as to eflect a friction
fit) and a mimmimum pressure that compresses the capillary
passages within the first portion 104 to the point of prevent-
ing, or preferably significantly inhibiting, wicking.

In order to achieve such a pressure, the wicking fiber
bundle may be wrapped as loosely as will still allow a firm
friction hold against the heating body 102. The level of
tightness required may be ascertained coiling 1t as loosely as
possible and feeling whether proper purchase 1s achieved,
tightening the coil if necessary. In order to ensure that the
coil does not exceed a mimimum pressure to prevent, or
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significantly inhibit wicking, a liquid may then be intro-
duced to the second portion 106 and wicking eflect is
observed. It 1s helptul to provide a colored liquid of viscosity
similar to that which 1s used in the smoke machine 10 to
visually observe wicking while providing in-machine con-
ditions. Once the proper level of pressure, 1n this case fiber
bundle tension, 1s ascertained, 1t may be used for all smoke
machines.

It will be appreciated that installation and replacement of
the liquid transier device 44 of the above example does not
require special tools or abilities, but can be performed by
unskilled workers 1n short time. In particular, a spent wick
may be untied or cut off and a new one may be installed as
described above. If' the appropriate coiling tension has
already been discovered, the wicking testing may be
avoided.

The lhiquid transfer device 44 may be other forms of

wicks, similarly coiled or wrapped around the heating body

102.

Although 1n the example provided i FIG. 1A, the wick-
ing fiber bundle was tied in place, other mechanisms for
holding the liquid transfer device 44 may be used. In
particular, a fastener may be used to hold the liquid transter
device 44 1n {riction {it.

Although 1n the above examples, the heating element 46
was a ceramic heating element, different types of heating
clements 46 are also possible and may be used 1n combi-
nation with the liquid transfer device 44 to heat the smoke
producing liquid on the liqmd transier device 44. For
example, 1 a variant implementation, the heating element
46 1s a coil of resistive wire that generates heat when an
clectrical current 1s conducted therethrough, normally by
placing an electrical voltage across the wire. In this case, the
liquid transfer device 44 may surround the outside of the
wire coil. A reflective inner tube may be provided inside the
wire coil to reflect radiation from the coil back outside
towards the liquid transier device 44. Thus the wire may heat
the smoke producing liquid on the upper portion of the liquid
transier device 44 1n order to generate the smoke.

Also, 1t should be noted that liquid transfer devices other
than those of the above examples may be used. Diflerent
materials or combinations of matenals, characterized by
similar thermal insulation and capillary action, may also be
used for the liquid transfer device 44. More specifically, the
liquid transfer device 44 may be any other suitable device
which can adequately convey liquid from the liquid reser-
voir 36 to the heating element 46 primarily by capillary
action.

The liquid transfer device 44 must be able to withstand
very high temperatures while also producing enough capil-
lary action to convey the liquid from the liquid reservoir 36
to the heating element 46. In a specific, non-limiting
example of the implementation, the liquid transfer device 44
1s a woven wick or wicking fibers, made for example of
fibreglass which can withstand very high temperatures and,
in this example, 1s an excellent thermal 1nsulator. The wick
or wicking fibers can convey an adequate amount of liquid
by capillary action to the electrically-powered heating ele-
ment to produce an ample amount of smoke.

Alternatively, different materials or combinations of
materials, characterized by similar thermal insulation and
capillary action, may also be used for the liquid transfer
device 44. More specifically, the liquid transter device 44
may be any other suitable device, which can adequately
convey liquid from the liquid reservoir 36 to the heating
clement 46 primarily by capillary action.
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In the example of implementation shown in FIG. 1A, a
heating body 102 heats up 1n response to the application of
an electrical current at the electric terminals 45. In this
example, the heating element 46 1s a ceramic heating ele-
ment. An upper portion of the liqmd transfer device 44
closely surrounds, or 1s wound around, the heater material,
such that when the heating element 46 i1s energized and
heated, the smoke producing liquid on the upper portion of
the liquid transfer device 44 will be vaporized into smoke
within the chamber 20.

A ceramic heating element 46 1s a composite ceramic
material that can have iron or steel flakes as a conductive
filler, as 1s known 1n the art of ceramic heating elements (any
suitable conductive filler can be used). Alternatively, an
clectrical resistive heater element core can be surrounded by
ceramic material, wherein the ceramic material transmits the
heat from the resistive heater element and provides a high
temperature on the surface of the heating element for vapor-
izing the smoke producing liquid. The ceramic heating
clement 46 has no exposed metal conductor that can corrode
and thus 1t can provide a longer working life. Also, when the
liquid transfer device 44, such as a wick, needs to be
changed, the integrity of the heater 46 1s not adversely
aflected.

The terminals 435 are schematically illustrated in the
drawings as passing through the top 14. While not 1llus-
trated, insulated terminal blocks can be provided in the top
14 or housing 16, such as in the removable l1id or top portion
14, so that terminals 45 can be athixed to the terminal blocks.
Alternatively, an electrical connector can be provided 1n the
housing 16 or in the lid or top portion 14 to allow the
terminals 45 to be aflixed or plugged into the electrical
connector. This can provide mechanical support for the
heater 102 1n addition to electrical connectivity. It will be
appreciated that the heater 102 can be arranged horizontally
within the housing 16 1n addition to the vertical arrangement
illustrated.

Note however that diflerent types of heating elements 46
are also possible and may be used in combination with the
liquiad transier device 44 to heat the smoke producing liquid
on the liquid transfer device 44. In this case, the wire 1s
coiled closely around the upper portion of the liquid transfer
device 44, such as to heat the smoke producing liquid on the
upper portion of the liquid transfer device 44 1n order to
generate the smoke.

In a specific, non-limiting example of implementation, the
heating element 46 1s electrically connected to a power
supply of the smoke machine 10, either directly or via a
control unit of the smoke machine 10. In the examples
shown 1 FIGS. 1, 2, 3 and 4, a pair of terminals 45 are
provided on the top cover 14, extending therethrough to
connect to a pair of electrical mputs on the heating element
46. In order to power the smoke machine 10, the terminals
435 are electrically connectable to a power supply 47, such as
a battery, a transformer or an electrical outlet, for example
via extension cables.

A liquid transfer device 44, described 1n more details
below, transfers liquid from the liquid reservoir 36 towards
the heating element 46.

In the present example, the smoke machine 10 1s config-
ured to provide heat to the heating body 105 that favors the
creation ol smoke as described above while avoiding the
creation of toxic fumes and the over pressurization of the
chamber 20. In one example, the heater power supply 47
provides a current to the heating element 46 that results in
the heating of the heating element 46 to a controlled tem-
perature suflicient to create evaporation of the smoke-pro-
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ducing liquid while avoiding the combustion of the smoke-
producing liquid and of the liquid transier device 44 and the
boiling of the liquid 1 the liquid reservoir 36. To this end,
the heater power supply 47 1s controlled to provide an
clectrical current that maintains the heating element 46 1n a
state of generating heat that 1s within such a sate range. In
one particular example of implementation, the heater power
supply 47 provides a constant voltage that generates current
in the heating element 46 that allows the heating body 102
to heat to a temperature at which the liquid evaporates but
which does not cause dangerous combustion or pressure
buildup.

To this end, the current provided, heating element 46 and
liquid are selected 1n light of one another. In one particular
example, mineral o1l 1s used which generates evaporate
smoke at about 300 degrees Celsius. A ceramic heating
clement 1s selected and supplied with a power which accord-
ing to its specification creates a temperature 1n the heating
body 102 of about 300 degrees.

In order to vaporize the liquid, the liquid 1s transferred to
the surface of the heating body 102 by the liquid transfer
device 44 such that when the heating element 46 1s energized
and heated, the smoke producing liquid provided by the
liquid transter device 44 will be vaporized into smoke within
the chamber 20. The liquid transter device 44 may be atlixed
to the heating element 46, and more particularly to the
heating body 102 by iriction fit, as 1s the case in the
illustrated examples.

The smoke machine 10 includes a control unit, which may
be configured to implement various different functionalities,
including for example measuring the temperature of the
heating element 46; setting one or more indicators (e.g.
turning on and ofl one or more indicator lights); detecting
the polarity of and turning on and off the power to the
heating element 46 based on temperature and/or cycle-time
criteria; detecting activation of a control, the latter being
either provided on the housing 12 or 1n wireless communi-
cation with the control unit of the machine 10; setting or
adjusting a set-point of a solenoid valve; controlling and/or
setting an electronic pressure regulator; controlling the
operation of one or more remote sources of pressurized air;
turning on and oil auditory signals; implementing a fail safe
mode; efc.

The control umit of the smoke machine 10 may be
implemented in hardware, software or a combination
thereof, either locally to the smoke machine 10, remotely
from the smoke machine 10 or both locally and remotely. In
a specilic, non-limiting example of implementation, the
control unit of the smoke machine 10 1s fully implemented
within the machine 10 itself, by a printed circuit board
having a power switch, where this power switch 1s operably
coupled to a manually activatable on/ofl button or switch 48
located on the housing 12, for example on the top cover 14.
In another non-limiting example of implementation, the
control unit of the machine 10 1includes both a printed circuit
board within the smoke machine 10 and a remote controller
in wireless communication with the printed circuit board,
where this remote controller implements a plurality of
controls (including for example an on/ofl control 48) that are
activatable by a user of the remote controller to transmit
wireless control signals to the circuit board for controlling
the operation of the smoke machine 10.

The control unit of the smoke machine 10 includes a
pressure controller 80 that 1s responsive to the activation by
a user of an operating mode selector control 82 to switch the
machine 10 between first and second pressure operating
modes. More specifically, the pressure controller 80 1s
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responsive to activation of the operating mode selector
control 82 to switch the smoke machine operation from the
first pressure operating mode to the second pressure oper-
ating mode, or vice versa, thereby varying (or changing) the
operating pressure (1.e. the pressure at which vapor 1is
generated by the smoke machine 10) from a first predefined
test pressure to a second predefined test pressure, or vice
versa, as will be discussed i1n further detail below.

Note that the operating mode selector control 82 may be
implemented as a button or a switch on the housing 12 itself
(e.g. on the top cover 14), 1n which case activation of this
operating mode selector control may involve manual depres-
sion of a button or flipping of a switch. Alternatively, the
operating mode selector control 82 may be implemented by
a remote controller (e.g. within an application running on a
smartphone), 1n wireless communication (e.g. using Blu-
ctooth® wireless technology) with the pressure controller of
the machine 10.

In a specific, non-limiting example of implementation, the
first pressure operating mode 1s a LO pressure operating
mode, 1n which the smoke machine 10 generates vapor at a
low test pressure, for example between 0.47 ps1 and 4 psi,
although a pressure between 1 ps1 and 2 ps1 (about 1.5 ps1)
1s commonly suitable. The second pressure operating mode
1s a HI pressure operating mode, i which the smoke
machine 10 generates vapor at a high test pressure, for
example between 5 psi and 15 psi1, although about 7.5 psi 1s
commonly suitable.

Note that the smoke machine 10 may be configured to
operate 1n a plurality of distinct pressure operating modes
and two or more controls may be provided (either wireless
or on the housing 12 1tsell) for selecting a specific one of
these pressure operating modes or for switching between the
different pressure operating modes. Furthermore, the difler-
ent pressure operating modes of the smoke machine 10 may
be characterized by various different operating pressures
and/or pressure ranges, mcluding lower than 0.47 psi and
higher than 15 ps1, without departing from the scope of the
present mvention.

Controlling the pressure of the air output from the smoke
machine 10 1s a question of safety of the vehicle. Most
passenger vehicles can be tested safely below 2 psi, and
turbo charged vehicles can use pressures between 5 and 15
ps1 for some testing. However, certain models of heavy duty
trucks can be safely tested using pressures up to 100 psi1. As
can be appreciated, the ability to switch pressure level 1s not
limited to only two levels. The safety feature of returning to
a safe level of pressure can be used with various pressure
levels. For example for a model of the smoke machine 10 for
heavy duty trucks, the default low level could be limited to
60 psi, while the higher level that can be selected, for
example for brake booster testing, can be limited to 100 psi.

The control unit, and thus the pressure controller 80, of
the smoke machine 10 i1s operably coupled to at least one
operation mode indicator 86 (e.g. an indicator light or an
auditory 1ndicator). In a specific, non-limiting example of an
implementation, the control unit 1s operably coupled to a
plurality of operation mode 1ndicators 86, implemented on
the housing 12 of the machine 10 itself and/or at the remote
controller (e.g. within an application running on a smart-
phone). In the case of indicator lights 86 on the housing 12
of the machine 10, these lights may be of diflerent colours
(e.g. red, green, blue, etc.) and may be lit (or extinguished)
by the control unit to indicate various conditions of the
operation of the smoke machine 10, including for example:
that a power source 47 1s successiully connected to the
smoke machine 10; that the on/ofl control 48 has been
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actuated to turn on the smoke machine 10; that the smoke
machine 10 1s 1n a particular pressure operating mode (e.g.
L.O or HI); etc.

The control unit of the smoke machine 10 may control the
power being supplied to the heating element 46. In a
specific, non-limiting example of implementation, the con-
trol unit may be programmed to energize the heating element
46 when the temperature of the heating element 46 1s below
a specified temperature and to de-energize the heating ele-
ment 46 when the temperature of the heating element
exceeds a specified temperature. This cycle may continue for
as long as the smoke machine 10 1s being used to produce
smoke.

In order to convey the smoke produced by the smoke
machine 10 into a fluid system to check for leaks, a source
84 of pressurized gas 1s supplied to the chamber 20 through
a pressurized gas tluid path. The fluid path begins at an outlet
of the source 84 of pressurized gas (such as a pump or an air
compressor), which outlet 1s connected to inlet port 62 on
the housing 12, either directly or via a suitable conduit.
Optionally, a flow meter may be secured to the housing 12,
the fluid path connecting the outlet of the source 84 to the
inlet port of this tlow meter, where this flow meter may be
a simple graduated floating ball flow meter, an electronic
flow meter electrically connected to the control unit, or some
other type of meter capable of measuring fluid tlow rates. As
seen 1n FIG. 1A, a conduit 68 extends from the inlet port 62
(or optionally from an outlet port of a flow meter) through
a hole 1n the top cover 14 and down into the chamber 20
through an opening 110 1n the conduit, to feed the pressur-
1zed gas into the chamber 20 of the smoke machine 10.

In a specific, non-limiting example of implementation of
the present mvention, the pressurized gas fluid path of the
smoke machine 10 can include a pressure regulator, the latter
being connected to the source 84 of pressurized gas and
operably coupled to and powered/whether mechanical or
clectronically controlled to control the pressure controller
80. The pressure regulator may be provided within or on the
housing 12 of the machine 10 1tself or, alternatively, may be
provided remote from the machine 10, for example con-
nected to the outlet of the source 84 of pressurized gas and
interfacing between this outlet and the inlet port 62 of the
machine 10. In the case where the pressure regulator 1s
implemented within the housing 12 of the machine 10, the
conduit 68 connects to an inlet of the pressure regulator, the
outlet of which feeds directly (or alternatively, via other tlow
control components, such as a flow valve and/or a pressur-
1zed gas flow regulator) into the chamber 20 of the smoke
machine 10. The pressure controller 80 1s responsive to
user-activation of the operating mode selector control 82 to
clectrically set and/or adjust the set-point of the controllable
pressure regulator such that it reduces the incoming gas
pressure to the desired pressure. In a specific, non-limiting
example, the pressure controller 80 will switch the set-point
of the controllable pressure regulator between 1.5 ps1 (LO)
and 7.5 ps1 (HI), depending on the pressure operating mode
selected by the user.

An outlet port 96 on the housing 12 outputs smoke
received from a smoke outlet conduit 90, the latter extending
from the outlet port 96 through a hole 1n the top cover 14 and
down through an opening 112 into the smoke-generating
chamber 20. The outlet port 96 1s adapted to be coupled to
a duct or channel, either directly or via a suitable connector,
where this duct or channel 1s used to convey smoke from the
smoke machine 10 to the fluid system being leak checked.

The operation of the smoke machine 10 to detect a leak 1n
a fluid system having a particular inspection pressure
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requirement 1s as follows. A supply of pressurized gas from
a pressure source 84, such as an air compressor or a pump,
1s connected to the inlet port 62, whereby this pressurized
gas can be supplied to the chamber 20 and 1ts pressure set by
the pressure regulator that 1s provided along the pressurized
gas fluid path. The terminals 45 are connected to a power
source 47, such as a 12-volt automobile battery. The outlet
port 96 1s connected via a suitable duct or channel to the fluid
system to be leak checked, with or without an adapter (the
fluid system possibly requiring one or more plugs to be
installed 1 order to close the system so that 1t can hold
pressure). The pressure regulator 80 controls a pressure
setting of the pressure regulator to set the smoke machine 10
in a default pressure operating mode (e.g. LO), and will
switch the smoke machine 10 into a different predefined
pressure operating mode (e.g. HI), by adjusting the setting of
the pressure regulator accordingly, when a user activates the
respective operating mode selector control 82 depending on
the mnspection pressure requirement of the fluid system to be
checked. Therefore, 11 the flmd system to be checked is a
naturally aspirated internal combustion engine of an auto-
mobile, for example, the user would leave the smoke
machine 10 in the default LO pressure operating mode;
however, 11 the fluid system to be checked i1s the boosted (1.¢.
turbo) engine, the user could simply activate the control 82
(e.g. press the button 82 on the machine 10 or activate the
control 82 on a remote controller) to switch the smoke
machine 10 from the LO pressure operating mode to the HI
pressure operating mode, by adjusting the setting of the
controllable pressure regulator accordingly.

Once the smoke machine 10 1s properly set-up and
connected to the fluid system, the pressure gauge may be
checked to ensure that the proper pressure of compressed air
1s being supplied. With the smoke machine 10 1n either the
“on” mode 1 which 1t 1s producing smoke, or in the “ofl”
mode 1n which 1t 1s not producing smoke, several diflerent
types of known leak tests may be performed with the smoke
machine 10 to determine whether there 1s a leak in the fluid
system.

To determine the location of a leak 1n the fluid system, the
smoke machine 10 must be turned on. The on/ofl control 48
1s activated to turn on the smoke machine 10. The control
unit then energizes the heating element 46 and turns on the
respective indicator light. The control unit will energize the
heating element 46 by any suitable process. The heating
clement 46 vaporizes the liquid on the liquid transier device
44, which 1s 1 the vicinity of the heating clement 46,
thereby producing smoke. The smoke 1s conveyed into the
fluid system (for example, at the pressure set by the pressure
controller 80 1n accordance with the user-selected pressure
operating mode) and the user then 1mspects the fluid system
for any escaping smoke.

In addition to lighting or extinguishing operating mode
indicator lights 86 1n order to 1indicate the various conditions
of the operation of the smoke machine 10 (as discussed
above), the control unit may optionally implement an audi-
tory indicator, for example auditory signals transmitted via
a speaker provided on the top cover 14 of the machine 10 or
via the speaker of a smartphone being used as a remote
controller, 1n order to advise the user of various operating
conditions of the smoke machine 10. In a specific, non-
limiting example, the pressure controller 80 of the control
unit triggers the output of a series of warning beeps when the
smoke machine 10 1s switched into a specific pressure
operating mode (e.g. the HI pressure operating mode) to
ensure that the user 1s aware that the smoke machine 10 has
acquired and will be operating at the respective test pressure.
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Optionally, the control unit 1s also operative to implement
a fail sale mode, for automatically resetting the machine 10
to a predefined, default pressure operating mode. In a
specific, non-limiting example of implementation, the pres-
sure controller 80 triggers this operating mode reset 88 when
the smoke machine 10 1s powered down and then back up,
by electrically or wirelessly controlling the setting of the
controllable pressure regulator to set the smoke machine 10
in a safe, predefined default pressure. In a specific non-
limiting example, the default pressure operating mode 1s the
L.O pressure operating mode. In a variant example of 1imple-
mentation, the pressure controller 80 triggers the failsafe
mode 1n response to a signal from a pressure sensor in
communication with the hose or channel connected to the
fluid system, for example when this pressure sensor indi-
cates a significant drop in pressure (e.g. when the hose or
channel 1s disconnected from the fluid system being tested).

FIG. 1B introduces a variant embodiment, wherein the
smoke machine 10 1s 1n fluid communication with a pair of
constant sources of pressurized gas 84a and 84b (e.g. a pair
of pumps with respective integrated pressure regulators) and
the pressure controller with three-way solenoid valve 90
controls which of these sources supplies the pressurized gas
to the chamber 20 via the pressurized gas fluid path. In this
case, the fluid path of the smoke machine 10 passes through
one of the inlet ports of a controllable, three-way solenoid
valve of the pressure controller 90, each of which inlet ports
1s connected to the pressure regulator of a respective one of
the air pressure source 1 84a and air pressure source 2 845,
either directly or via a suitable fluid conduit. The solenoid
valve of the pressure controller 90 may be mounted to the
top cover 14, for example by a bracket. The outlet from the
controllable solenoid valve of the pressure controller 90 1s
connected to the inlet port 62 (or to an 1nlet port of a tlow
meter that may also be mounted to the top cover 14). Since
the pressurized gas received at the smoke machine 10 from
either the air pressure source 1 84a or the air pressure source
2 84b 15 of constant pressure (1.e. regulated by the respective
pressure regulators of the sources), there 1s no need for an
additional controllable pressure regulator within the smoke
machine 10 1itself or at some other point in the fluid path of
the smoke machine 10. In a specific, non-limiting example,
the pressure regulator of the first source 84a 1s set to regulate
the pressure of the gas output from the first source 84a to a
constant 1.5 psi (e.g. LO pressure), while the pressure
regulator of the second source 846 1s set to regulate the
pressure of the gas output from the second source 845 to a
constant 7.5 ps1 (e.g. HI pressure).

The solenoid valve of the pressure controller 90, which 1s
an electromechanically operated, bi-directional 3-way valve,
1s operably coupled to its pressure controller, and has a
set-point that determines switching of the inflow between 1ts
two 1nlet ports. On a basis of this set-point, the pressure
controller controls the operation of the solenoid valve, and
thus the flow of the incoming pressurized gas from either the
air pressure source 1 84a or the air pressure source 2 845, 1n
order to set the operation of the smoke machine 10 1n either
the first or second pressure operating mode.

In another varniant embodiment, the source of pressurized
gas (e.g. pump or air compressor) that supplies pressurized
gas to the smoke machine 10 1s operably coupled to the
pressure controller 80 of the smoke machine 10, such that
the pressure controller 80 has control over the operation of
the source ol pressurized gas. In a specific, non-limiting
example, the source of pressurized gas (or an electronic
pressure regulator of the source) can be set by the pressure
controller 80 to output the pressurized gas to the inlet port
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62 of the smoke machine 10 at any one of a plurality of
different constant pressure levels, 1n order to set the opera-
tion of the smoke machine 10 1n a specific one of a plurality
of different pressure operating modes. Since the pressurized
gas received at the smoke machine 10 from the source 1s of
constant pressure (e.g. regulated by an electronic pressure
regulator at the source), there 1s no need for a pressure
regulator within the smoke machine 10 1itself. The source of
pressurized gas, and/or its electronic pressure regulator, may
also be set, etther at initial setup or by the pressure controller
80 during operation, to control the flow rate of the pressur-
1zed gas output to the smoke machine 10, in which case there
1s no need for any flow valve and/or pressurized gas tlow
regulator within the smoke machine 10.

Note that, 1n a specific non-limiting example of 1mple-
mentation, a wireless remote control technology allows the
pressure controller 80 to control the pressure setting of the
remote source of pressurized gas. More specifically, a trans-
ceiver at the pressure controller 80 and a receiver at the
source ol pressurized gas (or at i1ts electronic pressure
regulator) communicate via a wireless communication pro-
tocol (e.g. radio (RF), wireless broadband internet (WLAN,
Wik1), cellular, infrared, ultrasonic, etc.).

Note also that, in the case where the source of pressurized
air 1s designed such that its speed of operation 1s propor-
tional to the pressure of the output gas, 1t would be possible
tor the pressure controller 80 to simply set and/or adjust this
speed of operation of the source 1n order to set and/or adjust
the pressure of the gas output to the inlet port 62 of the
smoke machine 10, and thereby set the operation of the
smoke machine 10 1n a specific one of a plurality of different
pressure operating modes.

Accordingly, 1n this particular varnant example of 1imple-
mentation, 1t 1s direct control over the remote source of
pressurized gas that allows the pressure controller 80 to
control and switch the particular pressure operating mode of
the smoke machine 10.

In yet another variant example of implementation of the
present imvention, the smoke machine 10 1s 1 fluid com-
munication with a high pressure gas source 84 (e.g. a pump
or air compressor) and the pressurized gas fluid path within
the housing 12 of the smoke machine 10 includes a pair of
three-way solenoid valves and a pair ol mechanical pressure
regulators, which together replace the operation of the
controllable pressure regulator discussed above. More spe-
cifically, 1n this example of implementation, the conduit 68
extends from the inlet port 62 (or optionally from an outlet
port of a tlow meter) down 1nto the chamber 20 and connects
to an 1nlet of a first three-way (or three-port) solenoid valve.
Each outlet of the first solenoid valve i1s connected to a
respective mechanical pressure regulator, the outlets of
which are both connected to a second three-way solenoid
valve. The outlet of the second three-way solenoid valve 1s
connected to a flow valve, which optionally has a control
knob that extends through a hole 1n the side of the main body
16 so that the flow valve may be adjusted during the
operation ol the smoke machine 10. Alternatively, the tlow
valve may be an electronic valve which 1s connected to, and
controlled by, the pressure controller 80.

Each of the mechanical pressure regulators may be set to
reduce the incoming gas pressure to a respective, desired
pressure. In a specific, non-limiting example, the first pres-
sure regulator 1s set to reduce the incoming gas pressure to
a LO test pressure within the range of 0.47 ps1 to 4 ps1, while
the second pressure regulator 1s set to reduce the incoming,
gas pressure to a HI test pressure within the range of 5 to 15
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Hach of the solenoid valves, which are electromechani-
cally operated, bi-directional 3-way valves, are operably
coupled to the pressure controller 80, and have a respective
set-point that determines switching of the outflow (or
inflow) between the two outlet ports (or 1let ports). On a
basis of these set-points, the pressure controller 80 electri-
cally controls the operation of each solenoid valve, and thus
the flow of the mncoming pressurized gas to/from one or the
other of the pre-set pressure regulators, 1n order to set the
operation of the smoke machine 10 1n either the first or
second pressure operating mode.

Optionally, 1n any or all of the different embodiments
described above, a safety mechanism 1s built into certain
components of the smoke machine 10, its pressurized gas
fluid path or 1ts source(s) of pressurized gas, 1n order to
ensure that a maximum operating pressure of the smoke
machine 10 1s not exceeded (which could lead to damage of
the fluud system being checked for leaks). In one non-
limiting example of implementation, safety check valves
(also referred to as salety valves, reliel valves, pressure
relief valves or pressure satety valves), which particular type
of valve 1s well known 1n the art, are used to prevent the
pressure within the pressurized gas fluid path of the smoke
machine 10, and/or at the discharge of the source(s) of
pressurized gas, from exceeding preset limits. Such a safety
check valve may be used 1n any one of a source of pressur-
1zed gas (€.g. a pump oOr air Compressor), a pressure regulator
(mechanical or electronic, either at the source of pressurized
gas or within the smoke machine) or a conduit or line
(connecting the source and the smoke machine or within the
smoke machine 1tself), as well as 1n other components of the
vapor generating system. For example, a safety check valve
ol a pressure regulator may be set to blow (or open) at a
pressure of 16 psi. In another example, a safety check valve
of a pump may be designed to be damaged at 20 psi.

In another non-limiting example of implementation of a
safety mechanism for the smoke machine 10, the source(s)
of pressurized gas (e.g. pump(s) or air compressor(s)) that
are 1n tluid communication with the smoke machine 10 are
designed or built such that they cannot exceed a predefined
pressure rating, thereby ensuring that the pressurized gas
pumping into the smoke machine 10 does not exceed
maximum pressure limits of the smoke machine 10 or of the
fluid system(s) being checked.

The smoke machine 10 may comprise both a vanable
pressure system and a liquid transfer device surrounding a
heating element as shown in FIG. 1A. Alternatively, the
smoke machine 10 may comprise a variable pressure system
without a liquid transfer device surrounding a heating ele-
ment as shown 1in FIG. 2. In alternative embodiments, the
smoke machine 10 may comprise a liqud transfer device
surrounding a heating element without a variable pressure
system as shown in FIGS. 3 and 4. The features, as provided
herein, of the smoke machine 10 having both a variable
pressure system and a liquid transter device surrounding a
heating element may be applicable, with the necessary
adaptations, to a smoke machine 10 with a liquid transfer
device surrounding a heating element and without a variable
pressure system, and vice-versa. Likewise, the features of
the smoke machine 10 having both a variable pressure
system and a liquid transfer device surrounding a heating
clement, as provided herein, may be applicable, with the
necessary adaptations, to a smoke machine 10 with a vari-
able pressure system and without a liqud transfer device
surrounding a heating element, and vice-versa.

Retference will now be made to FIG. 2, illustrating an
exemplary embodiment of a wvariable pressure smoke
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machine 10 without a liquid transfer device surrounding a
heating element 1n accordance with the teachings of the
present invention. The smoke machine 10 has a housing 12
having a top cover 14 and a main body 16, which provide a
smoke generating chamber 20. The top cover or lid 14 can
be removable for maintenance or for filling the reservoir (a
separate fill hole and cap can be provided for filling 1t
desired). A hook (not shown) may be attached to the top
cover 14 of the housing 12 for hanging the smoke machine
10 1n a convenient location when the smoke machine 10 1s
being used to test the mntegrity of a fluid system, for example
under the hood of an automobile.

The main body 16 1s preferably a machined aluminum
component, but may be manufactured by any other suitable
process. The main body 16 defines a liquid reservoir 36
within the chamber 20 for holding smoke producing liquid.
In order to fill the liquid reservoir 36 with smoke producing
liquid, a liquad fill port 38 1s optionally provided in the top
cover 14, via which port 38 liquid may be poured into the
liquid reservoir 36 of the chamber 20. In this example, the
liquad fill port 1s provided on a tubular extension of the top
cover 14 and can be sealed shut using a screw-on cap (not
shown). Alternatively, 1n the absence of a liquid fill port 38,
the top cover 14 of the housing 12 may simply be removed
to allow liquid to be poured into the liquid reservoir 36.

Note that the material of the liquid reservoir 36 1s that of
the housing 12, e.g. aluminium. However, 1n a vanant
embodiment, a liner or msert of any other suitable material
which 1s compatible with the particular smoke producing
liquid(s) being used may be provided within the liquid
reservoir 36 to contain the hiquid.

Aheating body 102 heats up 1n response to the application
ol an electrical current at the electric terminals 45. In this
example, the heating element 46 1s a heating element which
generates heat when an electrical current 1s conducted
therethrough. An upper portion of the liquid transier device
44 closely surrounds, or 1s wound around, the heater mate-
rial, such that when the heating element 46 1s energized and
heated, the smoke producing liquid on the upper portion of
the liquid transier device 44 will be vaporized into smoke
within the chamber 20.

Note however that different types of heating elements 46
are also possible and may be used in combination with the
liquid transfer device 44 to heat the smoke producing liquid
on the liquid transfer device 44. For example, 1n a varnant
implementation, the heating element 46 1s a coil of resistive
wire that generates heat when an electrical current 1s con-
ducted therethrough, normally by placing an electrical volt-
age across the wire. In this case, the wire 1s coiled closely
around the upper portion of the liqud transfer device 44,
such as to heat the smoke producing liquid on the upper
portion of the liquid transfer device 44 1n order to generate
the smoke.

The smoke machine 10 includes a control unit, which may
be configured to implement various diflerent functionalities,
including for example measuring the temperature of the
heating element 46; setting one or more indicators (e.g.
turning on and ofl one or more 1ndicator lights); detecting
the polarity of and turning on and off the power to the
heating element 46 based on temperature and/or cycle-time
criteria; detecting activation of a control, the latter being
either provided on the housing 12 or in wireless communi-
cation with the control unit of the machine 10; setting or
adjusting a set-point of a solenoid valve; controlling and/or
setting an electronic pressure regulator; controlling the
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operation of one or more remote sources of pressurized air;
turning on and oil auditory signals; implementing a failsafe
mode; etc.

The control umit of the smoke machine 10 may be
implemented in hardware, software or a combination
thereol, either locally to the smoke machine 10, remotely
from the smoke machine 10 or both locally and remotely. In
a specilic, non-limiting example of implementation, the
control unit of the smoke machine 10 1s fully implemented
within the machine 10 itself, by a printed circuit board
having a power switch, where this power switch 1s operably
coupled to a manually activatable on/ofl button or switch 48
located on the housing 12, for example on the top cover 14.
In another non-limiting example of implementation, the
control unit of the machine 10 1includes both a printed circuit
board within the smoke machine 10 and a remote controller
in wireless communication with the printed circuit board,
where this remote controller implements a plurality of
controls (including for example an on/ofl control 48) that are
activatable by a user of the remote controller to transmit
wireless control signals to the circuit board for controlling
the operation of the smoke machine 10.

Specific to the present invention, the control unit of the
smoke machine 10 includes a pressure controller 80 that 1s
responsive to the activation by a user of an operating mode
selector control 82 to switch the machine 10 between first
and second pressure operating modes. More specifically, the
pressure controller 80 1s responsive to activation of the
operating mode selector control 82 to switch the smoke
machine operation from the first pressure operating mode to
the second pressure operating mode, or vice versa, thereby
varying (or changing) the operating pressure (i.e. the pres-
sure at which vapor 1s generated by the smoke machine 10)
from a first predefined test pressure to a second predefined
test pressure, or vice versa, as will be discussed 1n further
detail below.

Note that the operating mode selector control 82 may be
implemented as a button or a switch on the housing 12 itself
(e.g. on the top cover 14), 1n which case activation of this
operating mode selector control may involve manual depres-
sion of a button or flipping of a switch. Alternatively, the
operating mode selector control 82 may be implemented by
a remote controller (e.g. within an application runming on a
smartphone), 1n wireless communication (e.g. using Blu-
ctooth® wireless technology) with the pressure controller of
the machine 10.

In a specific, non-limiting example of implementation, the
first pressure operating mode 1s a LO pressure operating
mode, 1n which the smoke machine 10 generates vapor at a
low test pressure, for example between 0.47 ps1 and 4 psi,
although a pressure between 1 ps1 and 2 ps1 (about 1.5 psi1)
1s commonly suitable. The second pressure operating mode
1s a HI pressure operating mode, i which the smoke
machine 10 generates vapor at a high test pressure, for
example between 5 ps1 and 15 psi, although about 7.5 psi 1s
commonly suitable.

Note that the smoke machine 10 may be configured to
operate 1n a plurality of distinct pressure operating modes
and two or more controls may be provided (either wireless
or on the housing 12 1itsell) for selecting a specific one of
these pressure operating modes or for switching between the
different pressure operating modes. Furthermore, the difler-
ent pressure operating modes of the smoke machine 10 may
be characterized by various different operating pressures
and/or pressure ranges, including lower than 0.47 psi and
higher than 15 ps1, without departing from the scope of the
present invention.
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Controlling the pressure of the air output from the smoke
machine 10 1s a question of safety of the vehicle. Most
passenger vehicles can be tested safely below 2 psi1, and
turbo charged vehicles can use pressures between 5 and 15
ps1 for some testing. However, certain models of heavy duty
trucks can be safely tested using pressures up to 100 psi1. As
can be appreciated, the ability to switch pressure level 1s not
limited to only two levels. The safety feature of returning to
a safe level of pressure can be used with various pressure
levels. For example for a model of the smoke machine 10 for
heavy duty trucks, the default low level could be limited to
60 psi, while the higher level that can be selected, for
example for brake booster testing, can be limited to 100 psi.

The control unit, and thus the pressure controller 80, of
the smoke machine 10 i1s operably coupled to at least one
operation mode indicator 86 (e.g. an indicator light or an
auditory indicator). In a specific, non-limiting example of
implementation, the control unit 1s operably coupled to a
plurality of operation mode 1ndicators 86, implemented on
the housing 12 of the machine 10 itself and/or at the remote
controller (e.g. within an application running on a smart-
phone). In the case of indicator lights 86 on the housing 12
of the machine 10, these lights may be of different colours
(e.g. red, green, blue, etc.) and may be lit (or extinguished)
by the control unit to indicate various conditions of the
operation of the smoke machine 10, including for example:
that a power source 47 1s successiully connected to the
smoke machine 10; that the on/ofl control 48 has been
actuated to turn on the smoke machine 10; that the smoke
machine 10 1s 1n a particular pressure operating mode (e.g.
L.O or HI); etc.

The control unit of the smoke machine 10 may control the
power being supplied to the heating clement 46. In a
specific, non-limiting example of implementation, the con-
trol unit may be programmed to energize the heating element
46 when the temperature of the heating element 46 1s below
a specified temperature and to de-energize the heating ele-
ment 46 when the temperature of the heating element
exceeds a specified temperature. This cycle may continue for
as long as the smoke machine 10 1s being used to produce
smoke.

In order to convey the smoke produced by the smoke
machine 10 into a fluid system to check for leaks, a source
84 of pressurized gas 1s supplied to the chamber 20 through
a pressurized gas fluid path. The fluid path begins at an outlet
of the source 84 of pressurized gas (such as a pump or an air
compressor), which outlet 1s connected to inlet port 62 on
the housing 12, either directly or via a suitable conduait.
Optionally, a flow meter may be secured to the housing 12,
the fluid path connecting the outlet of the source 84 to the
inlet port of this flow meter, where this flow meter may be
a simple graduated floating ball flow meter, an electronic
flow meter electrically connected to the control unit, or some
other type of meter capable of measuring fluid tlow rates. As
seen 1n FIG. 2, a conduit 68 extends from the inlet port 62
(or optionally from an outlet port of a flow meter) through
a hole 1n the top cover 14 and down into the chamber 20
through an opening in the conduit 68, to feed the pressurized
gas 1mnto the chamber 20 of the smoke machine 10.

In a specific, non-limiting example of implementation of
the present mvention, the pressurized gas fluid path of the
smoke machine 10 can include a controllable (e.g. elec-
tronic) pressure regulator, the latter being connected to the
source 84 of pressurized gas and operably coupled to and
powered/controlled by the pressure controller 80. The con-
trollable pressure regulator may be provided within or on the
housing 12 of the machine 10 itself or, alternatively, may be
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provided remote from the machine 10, for example con-
nected to the outlet of the source 84 of pressurized gas and
interfacing between this outlet and the inlet port 62 of the
machine 10. In the case where the controllable pressure
regulator 1s 1implemented within the housing 12 of the
machine 10, the conduit 68 connects to an inlet of the
clectronic pressure regulator, the outlet of which feeds
directly (or alternatively, via other flow control components,
such as a tlow valve and/or a pressurized gas flow regulator)
into the chamber 20 of the smoke machine 10. The pressure
controller 80 1s responsive to user-activation of the operating
mode selector control 82 to electrically set and/or adjust the
set-point of the controllable pressure regulator such that it
reduces the incoming gas pressure to the desired pressure. In
a specific, non-limiting example, the pressure controller 80
will switch the set-point of the controllable pressure regu-
lator between 1.5 ps1 (LO) and 7.5 ps1 (HI), depending on the
pressure operating mode selected by the user.

An outlet port 96 on the housing 12 outputs smoke
received from a smoke outlet conduit 90, the latter extending
from the outlet port 96 through a hole 1n the top cover 14 and
down 1nto the smoke-generating chamber 20. The outlet port
96 1s adapted to be coupled to a duct or channel, either
directly or via a suitable connector, where this duct or
channel 1s used to convey smoke from the smoke machine
10 to the fluid system being leak checked.

The operation of the smoke machine 10 to detect a leak 1n
a fluid system having a particular inspection pressure
requirement 1s as follows. A supply of pressurized gas from
a pressure source 84, such as an air compressor or a pump,
1s connected to the inlet port 62, whereby this pressurized
gas can be supplied to the chamber 20 and 1ts pressure set by
controlling a controllable pressure regulator that 1s provided
along the pressurized gas fluid path. The terminals 45 are
connected to a power source 47, such as a 12-volt automo-
bile battery. The outlet port 96 1s connected via a suitable
duct or channel to the fluid system to be leak checked, with
or without an adapter (the tfluid system possibly requiring
one or more plugs to be mstalled 1n order to close the system
so that 1t can hold pressure). The pressure controller 80
controls a pressure setting of the controllable pressure
regulator to set the smoke machine 10 1n a default pressure
operating mode (e.g. LO), and will switch the smoke
machine 10 into a different predefined pressure operating
mode (e.g. HI), by adjusting the setting of the controllable
pressure regulator accordingly, when a user activates the
respective operating mode selector control 82 depending on
the 1inspection pressure requirement of the fluid system to be
checked. Therefore, 11 the flmd system to be checked is a
naturally aspirated internal combustion engine of an auto-
mobile, for example, the user would leave the smoke
machine 10 1n the default LO pressure operating mode;
however, 1f the fluid system to be checked 1s the boosted (1.¢.
turbo) engine, the user could simply activate the control 82
(e.g. press the button 82 on the machine 10 or activate the
control 82 on a remote controller) to switch the smoke
machine 10 from the LO pressure operating mode to the HI
pressure operating mode, by adjusting the setting of the
controllable pressure regulator accordingly.

Once the smoke machine 10 1s properly set-up and
connected to the fluid system, the pressure gauge may be
checked to ensure that the proper pressure of compressed air
1s being supplied. With the smoke machine 10 1n either the
“on” mode 1 which 1t 1s producing smoke, or in the “off”
mode 1n which 1t 1s not producing smoke, several diflerent
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types of known leak tests may be performed with the smoke
machine 10 to determine whether there 1s a leak in the fluid
system.

To determine the location of a leak 1n the fluid system, the
smoke machine 10 must be turned on. The on/off control 48
1s activated to turn on the smoke machine 10. The control
unit then energizes the heating element 46 and turns on the
respective indicator light. The control unit will energize the
heating element 46 by any suitable process. The heating
clement 46 vaporizes the liquid on the liquid transter device
44, which 1s 1n the vicinity of the heating element 46,
thereby producing smoke. The smoke 1s conveyed into the
fluid system (for example, at the pressure set by the pressure
controller 80 1n accordance with the user-selected pressure
operating mode) and the user then inspects the fluid system
for any escaping smoke.

In addition to lighting or extinguishing operating mode
indicator lights 86 in order to indicate the various conditions
of the operation of the smoke machine 10 (as discussed
above), the control unit may optionally implement an audi-
tory indicator, for example auditory signals transmitted via
a speaker provided on the top cover 14 of the machine 10 or
via the speaker of a smartphone being used as a remote
controller, 1n order to advise the user of various operating
conditions of the smoke machine 10. In a specific, non-
limiting example, the pressure controller 80 of the control
unit triggers the output of a series of warning beeps when the
smoke machine 10 1s switched mto a specific pressure
operating mode (e.g. the HI pressure operating mode) to
ensure that the user 1s aware that the smoke machine 10 has
acquired and will be operating at the respective test pressure.

Optionally, the control unit 1s also operative to implement
a Tailsafe mode, for automatically resetting the machine 10
to a predefined, default pressure operating mode. In a
specific, non-limiting example of implementation, the pres-
sure controller 80 triggers this operating mode reset 88 when
the smoke machine 10 1s powered down and then back up,
by electrically or wirelessly controlling the setting of the
controllable pressure regulator to set the smoke machine 10
in a safe, predefined default pressure. In a specific non-
limiting example, the default pressure operating mode 1s the
L.O pressure operating mode. In a variant example of imple-
mentation, the pressure controller 80 triggers the failsafe
mode 1in response to a signal from a pressure sensor in
communication with the hose or channel connected to the
fluid system, for example when this pressure sensor indi-
cates a significant drop in pressure (e.g. when the hose or
channel 1s disconnected from the fluid system being tested).

FIG. 1B introduces a variant embodiment, wherein the
smoke machine 10 1s 1n fluid communication with a pair of
constant sources of pressurized gas 84a and 845H (e.g. a pair
of pumps with respective integrated pressure regulators) and
the pressure controller with three-way solenoid valve 90
controls which of these sources supplies the pressurized gas
to the chamber 20 via the pressurized gas fluid path. In this
case, the fluid path of the smoke machine 10 passes through
one of the inlet ports of a controllable, three-way solenoid
valve of the pressure controller 90, each of which inlet ports
1s connected to the pressure regulator of a respective one of
the air pressure source 1 84a and air pressure source 2 845,
either directly or via a suitable fluid conduit. The solenoid
valve of the pressure controller 90 may be mounted to the
top cover 14, for example by a bracket. The outlet from the
controllable solenoid valve of the pressure controller 90 1s
connected to the inlet port 62 (or to an 1nlet port of a tlow
meter that may also be mounted to the top cover 14). Since
the pressurized gas received at the smoke machine 10 from
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either the air pressure source 1 84a or the air pressure source
2 84b 15 of constant pressure (1.e. regulated by the respective
pressure regulators of the sources), there 1s no need for an
additional controllable pressure regulator within the smoke
machine 10 1itself or at some other point in the fluid path of
the smoke machine 10.

In a specific, non-limiting example, the pressure regulator
of the first source 84a 1s set to regulate the pressure of the
gas output from the first source 84a to a constant 1.5 psi (e.g.
LO pressure), while the pressure regulator of the second
source 84b 1s set to regulate the pressure of the gas output
from the second source 845 to a constant 7.5 ps1 (e.g. HI
pressure).

The solenoid valve of the pressure controller 90, which 1s
an electromechanically operated, bi-directional 3-way valve,
1s operably coupled to its pressure controller, and has a
set-point that determines switching of the inflow between 1ts
two 1nlet ports. On a basis of this set-point, the pressure
controller controls the operation of the solenoid valve, and
thus the flow of the incoming pressurized gas from either the
air pressure source 1 84aq or the air pressure source 2 845, 1n
order to set the operation of the smoke machine 10 in either
the first or second pressure operating mode.

In another variant embodiment, the source of pressurized
gas (e.g. pump or air compressor) that supplies pressurized
gas to the smoke machine 10 1s operably coupled to the
pressure controller 80 of the smoke machine 10, such that
the pressure controller 80 has control over the operation of
the source of pressurized gas. In a specific, non-limiting
example, the source of pressurized gas (or an electronic
pressure regulator of the source) can be set by the pressure
controller 80 to output the pressurized gas to the inlet port
62 of the smoke machine 10 at any one of a plurality of
different constant pressure levels, in order to set the opera-
tion of the smoke machine 10 1n a specific one of a plurality
of different pressure operating modes. Since the pressurized
gas received at the smoke machine 10 from the source 1s of
constant pressure (e.g. regulated by an electronic pressure
regulator at the source), there 1s no need for a pressure
regulator within the smoke machine 10 itself. The source of
pressurized gas, and/or 1ts electronic pressure regulator, may
also be set, either at 1nitial setup or by the pressure controller
80 during operation, to control the tlow rate of the pressur-
1zed gas output to the smoke machine 10, in which case there
1s no need for any flow valve and/or pressurized gas tlow
regulator within the smoke machine 10.

Note that, 1n a specific non-limiting example of 1mple-
mentation, a wireless remote control technology allows the
pressure controller 80 to control the pressure setting of the
remote source of pressurized gas. More specifically, a trans-
ceiver at the pressure controller 80 and a receiver at the
source ol pressurized gas (or at its electronic pressure
regulator) communicate via a wireless communication pro-
tocol (e.g. radio (RF), wireless broadband internet (WLAN,
WikF1), cellular, infrared, ultrasonic, etc.).

Note also that, 1n the case where the source of pressurized
air 1s designed such that 1ts speed of operation 1s propor-
tional to the pressure of the output gas, it would be possible
for the pressure controller 80 to simply set and/or adjust this
speed of operation of the source 1n order to set and/or adjust
the pressure of the gas output to the ilet port 62 of the
smoke machine 10, and thereby set the operation of the
smoke machine 10 in a specific one of a plurality of different
pressure operating modes.

Accordingly, in this particular variant example of imple-
mentation, 1t 1s direct control over the remote source of
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pressurized gas that allows the pressure controller 80 to
control and switch the particular pressure operating mode of
the smoke machine 10.

In yet another variant example of implementation of the
present invention, the smoke machine 10 1s 1n fluid com-
munication with a high pressure gas source 84 (e.g. a pump
or air compressor) and the pressurized gas fluid path within
the housing 12 of the smoke machine 10 includes a pair of
three-way solenoid valves and a pair of mechanical pressure
regulators, which together replace the operation of the
controllable pressure regulator discussed above. More spe-
cifically, 1n this example of implementation, the conduit 68
extends from the inlet port 62 (or optionally from an outlet
port of a tlow meter) down 1nto the chamber 20 and connects
to an inlet of a first three-way (or three-port) solenoid valve.
Each outlet of the first solenoid valve 1s connected to a
respective mechanical pressure regulator, the outlets of
which are both connected to a second three-way solenoid
valve. The outlet of the second three-way solenoid valve 1s
connected to a flow valve, which optionally has a control
knob that extends through a hole 1n the side of the main body
16 so that the flow valve may be adjusted during the
operation of the smoke machine 10. Alternatively, the tlow
valve may be an electronic valve which 1s connected to, and
controlled by, the pressure controller 80.

Each of the mechanical pressure regulators may be set to
reduce the incoming gas pressure to a respective, desired
pressure. In a specific, non-limiting example, the first pres-
sure regulator 1s set to reduce the incoming gas pressure to
a LO test pressure within the range of 0.47 ps1 to 4 ps1, while
the second pressure regulator 1s set to reduce the incoming
gas pressure to a HI test pressure within the range of 5 to 15
PS.

Each of the solenoid valves, which are electromechani-
cally operated, bi-directional 3-way valves, are operably
coupled to the pressure controller 80, and have a respective
set-point that determines switching of the outtlow (or
inflow) between the two outlet ports (or inlet ports). On a
basis of these set-points, the pressure controller 80 electri-
cally controls the operation of each solenoid valve, and thus
the tlow of the incoming pressurized gas to/from one or the
other of the pre-set pressure regulators, in order to set the
operation of the smoke machine 10 in either the first or
second pressure operating mode.

Optionally, 1n any or all of the different embodiments
described above, a safety mechanism i1s built into certain
components of the smoke machine 10, 1ts pressurized gas
fluid path or its source(s) of pressurized gas, 1 order to
ensure that a maximum operating pressure of the smoke
machine 10 1s not exceeded (which could lead to damage of
the fluid system being checked for leaks). In one non-
limiting example of implementation, safety check valves
(also referred to as safety valves, reliel valves, pressure
reliet valves or pressure safety valves), which particular type
of valve 1s well known 1n the art, are used to prevent the
pressure within the pressurized gas fluid path of the smoke
machine 10, and/or at the discharge of the source(s) of
pressurized gas, from exceeding preset limits. Such a safety
check valve may be used in any one of a source of pressur-
1zed gas (e.g. a pump or air compressor), a pressure regulator
(mechanical or electronic, either at the source of pressurized
gas or within the smoke machine) or a conduit or line
(connecting the source and the smoke machine or within the
smoke machine 1tself), as well as 1n other components of the
vapor generating system. For example, a safety check valve
of a pressure regulator may be set to blow (or open) at a
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pressure ol 16 psi. In another example, a safety check valve
of a pump may be designed to be damaged at 20 psi.

In another non-limiting example of implementation of a
safety mechanism for the smoke machine 10, the source(s)
of pressurized gas (e.g. pump(s) or air compressor(s)) that
are 1n fluid communication with the smoke machine 10 are
designed or built such that they cannot exceed a predefined
pressure rating, thereby ensuring that the pressurized gas
pumping into the smoke machine 10 does not exceed
maximum pressure limits of the smoke machine 10 or of the
fluid system(s) being checked.

Reference 1s now made to FIG. 3 illustrating an exem-
plary smoke machine 10 with a liquid transfer device
surrounding a heating element that does not have a variable
pressure system 1n accordance with the teachings of the
present invention. The smoke machine 10 according to an
embodiment of the present invention comprises a housing 12
having a top cover 14 and a main body 16, which provide a
smoke generating chamber 20. The top cover or lid 14 can
be removable for maintenance or for filling the reservoir (a
separate fill hole and cap can be provided for filling 1f
desired). A hook (not shown) may be attached to the top
cover 14 of the housing 12 for hanging the smoke machine
10 1n a convenient location when the smoke machine 10 1s
being used to test the mtegrity of a fluid system, for example
under the hood of an automobile.

The main body 16 i1s preferably a machined aluminum
component, but may be manufactured by any other suitable
process. The main body 16 defines a liquid reservoir 36
within the chamber 20 for holding smoke producing liquid.
In order to fill the liguid reservoir 36 with smoke producing
liquid, a liqud fill port 38 1s optionally provided in the top
cover 14, via which port 38 liquid may be poured into the
liquid reservoir 36 of the chamber 20. In this example, the
liquad fill port 1s provided on a tubular extension of the top
cover 14 and can be sealed shut using a screw-on cap (not
shown). Alternatively, 1n the absence of a liquid fill port 38,
the top cover 14 of the housing 12 may simply be removed
to allow liquid to be poured into the liquid reservoir 36.

Note that the material of the liquid reservoir 36 1s that of
the housing 12, e.g. aluminium. However, in a variant
embodiment, a liner or isert of any other suitable material
which 1s compatible with the particular smoke producing
liquid(s) being used may be provided within the liquid
reservoir 36 to contain the liquid.

The machine 10 also optionally includes a liquid level
indicator 40 allowing the observation of a level of liquid 1n
the liquid reservoir 36 without removing the top cover 14 of
the housing 12. As shown in FIGS. 3 and 4, a specific,
non-limiting example of this liquid level indicator 40 1s a
conduit, such as a tube of transparent plastic matenal,
provided external to the housing 12 and extending between
the liquad fill port 38 and a port 39 provided in or near the
bottom surface of the housing 12, the port 39 feeding
directly into the liquid reservoir 36. In this example, the
level of the liquid that can be seen in the tube 1s indicative
of the level of liguid within the reservoir 36. Alternatively,
the liquid level indicator 40 may be a dipstick, where the
shaft of the dipstick would extend from the top cover 14 via
the liquud fill port 38, down through the chamber 20 and 1nto
the liquid reservoir 36. As a further alternative a clear
window may be provided as a liquid level indicator 1n the
main body 16 to allow visual observation of the liquid
within. In such a case, the clear window 1s preferably made
ol heat and pressure resistant material and securely sealed to
the rest of the main body 16. As yet a further alternative, a
level sensor could be provided in the chamber 20. In the case
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of an electronic level sensor, a low liquid level signal can be
connected into the controller to shut down the power supply
47 when the liquid level 1s too low for operation. A heating
clement 46 generates heat which 1s used to vaporise the
smoke producing liquid to create smoke. The heating ele-
ment 46 of this example 1s an electrically-powered heating
clement 46 having electrical terminals 45 through which an
clectric current 1s provided to the heating element 46. A
heating body 102 heats up 1n response to the application of
an electrical current at the electric terminals 435. In this
example, the heating element 46 1s a ceramic heating ele-
ment.

A ceramic heating element 46 1s a composite ceramic
material that can have iron or steel flakes as a conductive
filler, as 1s known 1n the art of ceramic heating elements (any
suitable conductive filler can be used). Alternatively, an
clectrical resistive heater element core can be surrounded by
ceramic material, wherein the ceramic material transmits the
heat from the resistive heater element and provides an even
high temperature on the surface of the heating element for
vaporizing the smoke producing liquid. The ceramic heating,
clement 46 has no exposed metal conductor that can corrode
and thus 1t can provide a longer working life. Also, when the
wick 44 needs to be changed, the integrity of the heater 46
1s not adversely affected.

The terminals 45 are schematically illustrated in the
drawings as passing through the top 14. While not 1llus-
trated, insulated terminal blocks can be provided in the top
14 or housing 16, such as in the removable l1id or top portion
14, so that terminals 45 can be athxed to the terminal blocks.
Alternatively, an electrical connector can be provided 1n the
housing 16 or in the lid or top portion 14 to allow the
terminals 45 to be aflixed or plugged into the electrical
connector. This can provide mechanical support for the
heater 102 1n addition to electrical connectivity. It will be
appreciated that the heater 102 can be arranged horizontally
within the housing 16 1n addition to the vertical arrangement
illustrated.

In a specific, non-limiting example of implementation, the
heating element 46 1s electrically connected to a power
supply of the smoke machine 10, either directly or via a
control unit of the smoke machine 10. In the example shown
in FIGS. 3 and 4, a pair of terminals 45 are provided on the
top cover 14, extending therethrough to connect to a pair of
clectrical inputs on the heating element 46. In order to power
the smoke machine 10, the terminals 45 are electrically
connectable to a power supply 47, such as a battery, a
transiformer or an electrical outlet, for example via extension
cables.

A liquid transfer device 44, described in more details
below, transters liquid from the liquid reservoir 36 towards
the heating element 45.

In the present example, the smoke machine 10 1s config-
ured to provide heat to the heating body 103 that favors the
creation of smoke as described above while avoiding the
creation of toxic fumes and the over pressurization of the
chamber 20. In one example, the heater power supply 47
provides a current to the heating element 45 that results in
the heating of the heating element to a controlled tempera-
ture sutlicient to create evaporation of the smoke-producing
liquid while avoiding the combustion of the smoke-produc-
ing liquid and of the liquid transfer device 44 and the boiling
of the liquid 1n the liquid reservoir 36. To this end, the heater
power supply 47 1s controlled to provide an electrical current
that maintains the heating element in a state of generating,
heat that 1s within such a safe range. In one particular
example ol implementation, the heater power supply 47
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provides a constant voltage that generates current in the
heating element 46 that allows the heating body 102 to heat
to a temperature at which the liquid evaporates but which
does not cause dangerous combustion or pressure buildup.

To this end, the current provided, heating element and
liquid are selected 1n light of one another. In one particular
example, mineral o1l 1s used which generates evaporate
smoke at about 300 degrees Celsius. A ceramic heating
clement 1s selected and supplied with a power which accord-
ing to its specification creates a temperature 1n the heating
body 102 of about 300 degrees.

Now 1n the present example, 1n order to vaporize the
liquid, the liquid 1s transterred to the surface of the heating
body 102 by the liquid transfer device 44 such that when the
heating element 46 1s energized and heated, the smoke
producing liquid provided by the liquid transfer device 44
will be vaporized into smoke within the chamber 20. The
liquid transfer device 44 may be athxed to the heating
clement 46, and more particularly to the heating body 102 by
friction {it, as 1s the case 1n the 1llustrated examples.

In a specific, non-limiting example of implementation, a
liquid transier device 44 extends from within the chamber
20 down into the liquid reservoir 36. The liquid transfer
device comprises a first portion 104 that contacts the heating
body 102 and a second portion 106 projecting from the first
portion, extending downwards 1n the illustrated examples,
into the liquid reservoir 36. In this example, the second
portion extends towards the bottom of the liquid reservoir 36
nearly reaching to the bottom.

In the present example, the liquid transier device 44 1s a
wicking liquid transier device which uses primarily capillary
action to convey smoke producing liquid from the liquid
reservoir 36 up towards the heating element 46. As 1s well
known 1n the art, capillary action refers to the motive force
on a liquid produced by the surface tension between the
liquid and a surface, in this case the smoke producing liquid
and the material of the liquid transier device 44.

In order to prevent the generation of unwanted combus-
tion smoke and the premature wearing of the liquid transter
device 44, the liquid transfer device 44 of this example
comprises material that 1s able to withstand very high
temperatures while also producing enough capillary action
to convey the hiquid from the hiquid reservoir 36 to the
heating element 46. In a specific, non-limiting example of
implementation, the liquid transier device 44 1s a “loose”
bundle of fibreglass fibers that are not braided, twisted or
woven. The fibers are collected and arranged sufliciently
close to each other to wick the smoke generating liquid up
from the reservoir and onto the heater. This requires suili-
cient proximity for capillary action to take place, without
such tightness that capillary action is prevented. The ability
to wick also depends on the properties of the smoke gener-
ating liquid, and in the case of baby oil, loose fibreglass
fibers are drawn 1nto one another by the surface tension of
the liquid and wicking works well. Fiberglass 1s an example
of a material that resists the temperature of the heater
(around 300 degrees Celsius) well. Alternatively, a woven
wick, twisted or braided cord made of suitable wicking
fibers can be used as long as temperature resistance and
wicking ability are present. The wick or wicking fibers can
convey an adequate amount of liquid by capillary action to
the heating element to produce an ample amount of smoke.

Advantageously, rather than using a filament heating
clement that 1s wrapped around the liquid transter device, 1n
the illustrated example, the liquid transfer device 44 itself
surround the heating element 46 or part thereof. This makes
installing, and replacing the liqumd transfer device 44 a
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simple task and also allows the liquid transfer device 44 to
potentially contact the entire heating surface of the heating
clement 46.

As shown 1 FIG. 3, here the liqud transter device 44
comprises a wicking bundle of fiberglass fibers that is
wrapped around the heating body 102 to substantially sur-
round 1t, viz. to surround it about at least a portion of its
length. The wicking bundle can alternatively comprise a
variety of synthetic or natural fibers and can be braided cord,
twisted cord, a woven fabric or of any suitable bundling of
the fibers that can provide wicking. In this case, the wicking,
bundle 1s wrapped around the heating body 102 from the
bottom of the heating body up to the top and therefore
essentially completely covers the surface area of the heating
body 102 save perhaps for a few millimeters at the top and
minor portions that may be visible between wraps. Despite
such 1mperfections i the wrapping, the liquid transfer
device 44 1s said to completely cover the surface of the
heating body 102 since 1t does not leave a signmificant portion
of the heating body uncovered.

In order to hold the first portion 104 of the liquid transier
device 44, that 1s the wicking fiber bundle, in place, the
wicking fiber bundle 1s wrapped around the heating body
102. Provided that the presence of the liquid does not
interfere with heating element 46 operation, the wicking
fiber bundle may be also wrapped around other portions of
the heating clement 46.

The wicking fiber bundle 1s tightly wrapped around the
heating body and held 1n place by a suitable mechanism. In
the example of FIG. 3, the wicking fiber bundle 1s tied into
place using the fiber bundle 1tself at the bottom and at the top
of the ceramic heater. Different techniques may be used to
wrap and tie ofl the wicking fiber bundle. In order to
maintain the wicking fiber bundle 1n place and prevent it
from unravelling from the end opposite the tie off, that end
may be passed underneath the coil to hold it in place. In one
example, the wicking fiber bundle may be run vertically
along the heating body 102, folded down, and then coiled
over 1tsell around the heating body towards the bottom
where 1t may be tied with the free-hanging portion. In
another example, the wicking fiber bundle maybe wrapped
a first time (or several times) around the bottom of the
heating body 102, passed underneath the coils and continue
to be coiled up to the top where 1t can be tied to 1tself. The
wicking fiber bundle can also be tied off against other
elements of the smoke machine 100, such as the conduits 68
and/or 90.

When coiling the wicking fiber bundle, a certain tension
1s applied to create a pressure against said heating body 102.
In general, pressure 1s imparted by the liquid transter device
44 onto the heating body 102, the liqud transfer device
being compressed against the heating body 102. The pres-
sure creates Iriction between the liquid transfer device 44
and the heating element 46, particularly here the heating
body 102, that holds the liquid transfer device 1n place and
keeps 1t 1n contact with the heating body 102.

In the illustrated example, 1t 1s the first portion 104 of the
liquad transtier element 44 that 1s 1n contact with the heating
body 102. Now when generating pressure upon the heating
body, 1t 1s preferable that the pressure provided fully presses
the first portion 104 against the heating body 102, however
if too much pressure 1s applied to a wicking device, this may
compress the capillary passages to the point of inhibiting or
completely preventing wicking. Indeed wicking devices rely
on the presence of small passages, typically spaces between
fibers to wick liquids. If the device 1s too compressed, for
example 1f the wicking fiber bundle of the example of FIG.
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3 1s wound too tightly, the inter-fiber spaces may be reduced
to the point of no longer wicking properly or at all. There-
fore, the pressure applied i1s selected to be between a
minimum pressure to press the first portion 104 against the
heating body 102 (preferably firmly so as to effect a friction
fit) and a minimum pressure that compresses the capillary
passages within the first portion 104 to the point of prevent-
ing, or preferably significantly inhibiting, wicking.

In order to achieve such a pressure, the wicking fiber
bundle may be wrapped as loosely as will still allow a firm
friction hold against the heating body 102. The level of
tightness required may be ascertained coiling 1t as loosely as
possible and feeling whether proper purchase i1s achieved,
tightening the coil 1f necessary. In order to ensure that the
coil does not exceed a mimimum pressure to prevent, or
significantly inhibit wicking, a liquid may then be intro-
duced to the second portion 106 and wicking eflect 1s
observed. It 1s helptul to provide a colored liquid of viscosity
similar to that which 1s used in the smoke machine 10 to
visually observe wicking while providing in-machine con-
ditions. Once the proper level of pressure, 1n this case fiber
bundle tension, 1s ascertained, 1t may be used for all smoke
machines.

It will be appreciated that installation and replacement of
the liquid transier device 44 of the above example does not
require special tools or abilities, but can be performed by
unskilled workers in short time. In particular, a spent wick
may be untied or cut off and a new one may be installed as
described above. If the appropriate coiling tension has
already been discovered, the wicking testing may be
avoided.

The lhiquid transfer device 44 may be other forms of
wicks, similarly coiled or wrapped around the heating body
102.

Although 1n the example provided in FIG. 3, the wicking
fiber bundle was tied 1n place, other mechanisms for holding
the liquid transfer device 44 may be used. In particular, a
fastener may be used to hold the liquid transfer device 44 1n
friction {it.

FIG. 4 illustrates an example of a smoke machine 10
where the liquid transier device 44 1s held by a fastener 108.
As shown, the liquid transter device 44 of this example also
comprises a first portion 104 that surrounds the heating body
102 and a second portion 106 that extends into the liquid
reservoir 36, however 1t 1s held against the heating body 102
by one or more fasteners 108, which 1n this example are
clamps and more particularly hingeless resilient clamps. The
liquid transter device 44 may still comprise a coiled wicking
fiber bundle, but instead of (or on top of) being tied off onto
the heating body 102, the coil i1s held i place by the
fasteners 108. Two clamps are used 1n this example but more
or fewer may be used, depending on the size and nature of
the heating body 102 and first portion 104.

The fasteners 108 hold the first portion against the heating,
body 102 and create friction therebetween thereby effecting
or reinforcing the friction fit.

In the example of FIG. 4, the liquid transfer device 44 1s
a tubular wick that surrounds in the first portion 104 the
heating body 102. The heating body 102 1s thus inserted into
the liquid transfer device. Below the heating body 102 1n the
second portion 106, the liquid transfer device splits 1nto
separate tongues to better disperse within the liquid 1n the
liquid reservoir 36. This detail 1s optional and may be
achieved, e.g., by cutting slits into the bottom of the tubular
wick.

In order to achieve the proper pressure, as described
above, between the liquid transfer device 44 and the heating
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clement 46, the fasteners 108 are configured to apply a
pressure that 1s between the minimum pressure to press the
first portion 104 against the heating body 102 and the
mimmum pressure to compress capillary passages within the
first portion 104 to the point of preventing or significantly 5
inhibiting wicking. They are also spaced apart closely
enough, and the liquid transier device 44 1s stretched
between clamps enough, to maintain a pressure of this range
in the areas of the first portion 104 between the clamps. In
this example, the resilient fasteners are selected with a gauge 10
and resilient spring force that holds the liquid transfer device
44 firmly 1n place but does not prevent wicking. The same
method for ascertaining whether wicking 1s prevented as
described above may be used. Once a suitable fastener 1s
selected, 1t may be used for all smoke machines 10. 15

Although not preferable, fasteners that exceed the mini-
mum pressure to prevent or significantly impede wicking
may be used, particularly if they are thin enough, and spaced
apart far enough to aflect a small portion of the first portion
104. However, such fasteners may prevent wicking of liquid 20
up above them and therefore they should preterably only
clamp a portion of the area around the heating body 102, not
surround i1t completely, lest the lowest fastener prevent
liquid from flowing above it at all.

A tubular wick may be used without the fasteners 108, 25
particularly 11 it a resilient (“stretchy”) tubular wick that can
be stretched over the heating body 102. In particular 1f such
a tubular wick has a bore with a cross sectional area at rest
(“unstretched”) that 1s smaller than the cross sectional area
(in the same plane, when aligned) of the heating body 102 30
to be iserted 1n 1t, a friction fit may be created by the
resilience of the tubular wick 1n the stretched area. Thus in
the example of FIG. 4, 11 the tubular wick were a “stretchy”™
resilient tubular wick that was stretched over the heating
body 102, the friction fit may be eflected, at least partially, 35
by the tension of the tubular wick over the heating body 102
as provided by the resilience 1n the wick. In such a case the
tasteners 108 may be omitted, or they may still be provided
to even better secure the tubular wick to the heating element
46. 40

It will be appreciated that installation and replacement of
the liquid transfer device 44 of the above example does not
require special tools or abilities, but can be performed by
unskilled workers 1n short time. In particular, when a wick
1s spent, the fasteners 108 may easily be removed, in this 45
example simply forced open and pushed off, and the spent
wick may be slid off or cut away. If no fasteners are used,
then the wick may simply be forced-slid off or cut away. A
new wick may then be slid over the heating body 102, with
stretching 11 necessary, and the fasteners 108 may be rein- 50
stalled, e.g. by forcing them open and pushing them into
place. New fasteners 108 may be provided 11 the old ones are
spent, thus providing an easy way to replace the fasteners
108 as well.

Although 1n the above examples, the heating element 46 55
was a ceramic heating element, different types of heating
clements 46 are also possible and may be used 1n combi-
nation with the liquid transfer device 44 to heat the smoke
producing liqud on the liqmd transfer device 44. For
example, 1n a variant implementation, the heating element 60
46 1s a coil of resistive wire that generates heat when an
clectrical current 1s conducted therethrough, normally by
placing an electrical voltage across the wire. In this case, the
liquid transfer device 44 may surround the outside of the
wire coil. A reflective inner tube may be provided inside the 65
wire coil to reflect radiation from the coil back outside
towards the liquid transier device 44. Thus the wire may heat
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the smoke producing liquid on the upper portion of the liquid
transier device 44 1n order to generate the smoke.

Also, 1t should be noted that liquid transfer devices other
than those of the above examples may be used. Diflerent
materials or combinations of matenals, characterized by
similar thermal 1nsulation and capillary action, may also be
used for the liquid transfer device 44. More specifically, the
liquid transfer device 44 may be any other suitable device
which can adequately convey liquid from the liquid reser-
voir 36 to the heating element 46 primarily by capillary
action.

In order to convey the smoke produced by the smoke
machine 10 into a fluid system to check for leaks, a source
84 of pressurized gas 1s supplied to the chamber 20 through
a pressurized gas fluid path. The fluid path begins at an outlet
ol the source 84 of pressurized gas (such as a pump or an air
compressor), which outlet 1s connected to inlet port 62 on
the housing 12, either directly or via a suitable conduit.
Optionally, a flow meter may be secured to the housing 12,
the fluid path connecting the outlet of the source 84 to the
inlet port of this tlow meter, where this flow meter may be
a simple graduated floating ball flow meter, an electronic
flow meter electrically connected to the control unit, or some
other type of meter capable of measuring fluid flow rates. As
seen 1n FIGS. 3 and 4, a conduit 68 extends from the inlet
port 62 (or optionally from an outlet port of a tlow meter)
through a hole in the top cover 14 and down into the
chamber 20 through an opening 110 1n the conduit, to feed
the pressurized gas into the chamber 20 of the smoke
machine 10.

An outlet port 96 on the housing 12 outputs smoke
received from a smoke outlet conduit 90, the latter extending
from the outlet port 96 through a hole 1n the top cover 14 and
down through an opening 112 into the smoke-generating
chamber 20. The outlet port 96 1s adapted to be coupled to
a duct or channel, either directly or via a suitable connector,
where this duct or channel 1s used to convey smoke from the
smoke machine 10 to the fluid system being leak checked.

The smoke machine 10 includes a control unit, which may
be configured to implement various diflerent functionalities,
including for example measuring the temperature of the
heating element 46; setting one or more indicators (e.g.
turning on and ofl one or more indicator lights); detecting
the polanty of and turning on and ofl the power to the
heating element 46 based on temperature and/or cycle-time
criteria; detecting activation of a control, the latter being
either provided on the housing 12 or 1 wireless communi-
cation with the control unit of the machine 10; setting or
adjusting a set-point of a solenoid valve; controlling and/or
setting an electronic pressure regulator; controlling the
operation of one or more remote sources ol pressurized air;
turning on and ofl auditory signals; implementing a failsafe
mode; etc.

The control umit of the smoke machine 10 may be
implemented 1in hardware, software or a combination
thereof, either locally to the smoke machine 10, remotely
from the smoke machine 10 or both locally and remotely. In
a specific, non-limiting example of implementation, the
control unit of the smoke machine 10 1s fully implemented
within the machine 10 itself, by a printed circuit board
having a power switch, where this power switch 1s operably
coupled to a manually activatable on/ofl button or switch 48
located on the housing 12, for example on the top cover 14.
In another non-limiting example of implementation, the
control unit of the machine 10 1includes both a printed circuit
board within the smoke machine 10 and a remote controller
in wireless communication with the printed circuit board,
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where this remote controller implements a plurality of
controls (including for example an on/off control 48) that are
activatable by a user of the remote controller to transmuit
wireless control signals to the circuit board for controlling
the operation of the smoke machine 10.

The above-described embodiments and examples of
implementation of the present invention have been presented
tor illustration purposes, but additional variants and modi-
fication are possible and should not be excluded from the
scope of the present mnvention.

What 1s claimed 1s:

1. A smoke generating device for connection to a source
of pressurized gas, said device comprising:

a housing defining a chamber, the chamber including a

liquid reservoir for holding a supply of liquid;

a heating element disposed within said chamber;

a gas 1nlet for connection to the source of pressurized gas
at a predetermined pressure;

a gas supply fluid path extending from the source of
pressurized gas to said gas inlet, through said housing
and 1nto said chamber;

a liquid transter device configured to convey a liquid from
said liquid reservoir to said heating element;

an outlet conduit in fluid communication with said cham-
ber and configured to convey vapor from said chamber;
and

a control umt including a pressure controller responsive to
activation of a manually-actuated operating mode
selector control to switch said smoke generating device
between at least first and second pressure operating
modes, 1n said first pressure operating mode said smoke
generating device being capable to output and maintain
for a period of time pressurized vapor at a first fixed test
pressure within a range of 0.5 to 2.5 ps1 and in said
second pressure operating mode said smoke generating
device being capable to output and maintain for a
period of time pressurized vapor at a second fixed test
pressure within a range of 5 to 15 psi.

2. A smoke generating device as defined in claim 1,
wherein said gas supply fluid path includes a controllable
pressure regulator 1n fluid communication with said source
of pressurized gas, said pressure controller operative to
control a pressure setting of said pressure regulator 1n order
to set said smoke generating device 1n one or the other of
said first and second pressure operating modes.

3. A smoke generating device as defined in claim 1,
wherein said device 1s for connection to first and second
constant sources of pressurized gas, said device comprising
first and second gas inlets for connection to said first and
second sources, respectively, said pressure controller opera-
tive to control which of said first and second gas inlets
supplies gas to said gas supply fluid path of said smoke
generating device 1 order to set said smoke generating
device 1n one or the other of said first and second pressure
operating modes.

4. A smoke generating device as defined 1n claim 1,
wherein said pressure controller 1s operative to control said
source ol pressurized gas to set a pressure of the gas output
by said source of pressurized gas in order to set said smoke
generating device 1 one or the other of said pressure
operating modes.

5. A smoke generating device as defined in claim 1,
wherein said pressure controller 1s operative to implement a

10

15

20

25

30

35

40

45

50

55

60

32

failsafe mode by automatically setting said smoke generat-
ing device 1n a default one of said first and second pressure
operating modes when said smoke generating device 1is
iitially powered up.

6. A smoke generating device as defined 1n claim 1,
wherein a safety mechanism 1s built into said device to
ensure that a pressure of said pressurized vapor output by
said device does not exceed a preset maximum limit.

7. A smoke machine for connection to a source of pres-
surized gas at a predetermined pressure and operative to
generate smoke at a test pressure for output to a closed fluid
system to be tested for leaks, said smoke machine capable to
switch between first and second pressure operating modes 1n
response to activation of a user-actuated operating mode
selector control, 1n said first pressure operating mode said
smoke machine outputting and maintaining for a period of
time smoke at a first default fixed test pressure and in said
second pressure operating mode said smoke machine out-
putting and maintaining for a period of time smoke at a
second fixed test pressure, wherein, following user input
provided at an on/ofl control to conduct a leak test, said
smoke machine increases to and 1s maintained at said first
fixed test pressure unless user input 1s received at said
operating mode selector control to operate at said second
fixed test pressure, and wherein user iput provided at said
operating mode selector control 1s required to switch to said
second fixed test pressure from said first default fixed test
pressure.

8. The smoke machine as defined 1n claim 7, wherein said
operating mode selector control 1s a switch.

9. The smoke machine as defined 1in claim 7, wherein said
operating mode selector control 1s a button.

10. A smoke generating device for connection to a source
of pressurized gas, said device comprising:

a housing defining a chamber, the chamber including a

liquid reservoir for holding a supply of liquid;

a heating element disposed within said chamber;

a gas nlet for connection to the source of pressurized gas
at a predetermined pressure;

a gas supply fluid path extending from the source of
pressurized gas to said gas inlet, through said housing
and 1nto said chamber;

a liquid transter device configured to convey a liquid from
said liquid reservoir to said heating element;

an on/ofl control to at least one of start and stop a leak test;

an outlet conduit 1n fluid communication with said cham-
ber and configured to convey vapor from said chamber;
and

a control unit including a pressure controller responsive to
activation of a manually-actuated operating mode
selector control, following user input at said operating,
mode selector control, to switch said smoke generating
device between at least first and second pressure oper-
ating mode, 1n said first pressure operating mode said
smoke generating device being capable to output and
maintain for a period of time pressurized vapor at a first
fixed test pressure and 1n said second pressure operat-
ing mode said smoke generating device being capable
to output and maintain for a period of time pressurized
vapor at a second fixed test pressure.
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